INTRODUCTION
The 01 serovar of V. cholerae has been the only serovar implicated in cholera epidemics until 1992, although non-01 serovars of the vibrio have caused sporadic cases of diarrhea. In 1992, however, a new serovar causing an epidemic of cholera appeared in the Bengal region of India and Bangladesh and spread to other regions (Albert et al., 1993) . The number of 01 cases decreased for a time and then increased again a few years later (Faruque and Nair, 2002) . Serovars 01 and 0139 coexist in the Bengal region at present (Faruque et al., 1998; Faruque and Nair, 2002; Faruque et al., 2003) . Serovar 0139 is thought to be derived from 01 El Tor (Faruque and Nair, 2002) .
Cholera is characterized by severe watery diarrhea caused by the action of the cholera toxin (CT) (Kaper et al., 1995) . Toxic genes including ctx encoding CT are located in a large genetic element called CTX that exists on a lysogenic filamentous bacteriophage designated as CTX (1) and integrated into the host chromosome by lysogenic conversion (Waldor and Mekalanos, 1996; Faruque et al., 1998) . The toxin-coregulated pilus (TCP), the type IV pilus, is also an important pathogenic factor which plays crucial roles not only as a colonization factor in the intestinal tract but also as the receptor for CTX (1) (Waldor and Mekalanos, 1996; Karaolis et al., 1999) .
The expression of CT and TCP is co-regulated at the transcriptional level by several transmembrane cytosolic regulatory proteins: ToxR, ToxT and ToxS (Miller et al., 1989; DiRita et al., 1991; DiRita, 1992) . Genes encoding these Tox proteins and TCP are harbored on a 39.5-kb DNA region which is referred to as a vibrio pathogenic island (VPI) (Karaolis et al., 1998) . The VPI is also thought to be derived from another lysogenic bacteriophage origin (Karaolis et al., 1999) . Cholera vibrios of serovars 01 and 0139 usually possess an entire set of these pathogenic genes. In contrast, no entire set has been recorded in the non-01/non-0139 serovar vibrios, although some of the non-01/non-0139 strains sporadically possess a few of the toxic genes (Ghosh et al., 1997; Chakravorty et al., 2000) . The horizontal transfer of the entire set of pathogenic genes from 01/0139 to non-01/non-0139 is, however, thought to be possible (Faruque and Nair, 2002) .
Some strains of non-01/non-0139 have also caused sporadic cases of diarrhea but not epidemics of cholera (Kaper et al., 1995) . The existence of ctxA in non-01/non-0139 is rare even in the enteropathogenic strains and contribution of other toxic factors is suggested: perhaps NAG-ST, a similar toxin to the heat stable toxin of enterotoxigenic Escherichla coil, NAG-TDH, which is a similar hemolysin to thermostable direct-hemolysin of V. parahaemolyticus, or VCH (V. cholerae hemolysin) similar to that of V. cholerae 01 El Tor (Kaper et al., 1995) . These toxins are encoded by nag-st, tdh and hlyA, respectively.
The isolates of V. cholerae are not genetically homogeneous even in the same serovar, and are variable according to the place or year of isolation (Sarker et al., 2002; Faruque et al., 2003; Kam et al., 2003) . Genetic evolution is thought to be a strategy of the pathogens to acquire the potential for infection. The appearance of a new genetic type is connected with the spread of an epidemic. Therefore, a versatile genetic analysis of V. cholerae isolates would be useful in understanding the epidemic behavior of cholera.
With this in mind, the present study was carried out to investigate the distribution of pathogenic genes and the genetic fingerprinting of clinical and environmental isolates of V. cholerae in the Bengal region.
MATERIALS AND METHODS
Isolation of V. cholerae from water samples. Pulsed-field gel electrophoresis (PFGE) Isolates of 01 and 0139 showed similar PFGE patterns in each serovar regardless of whether the origin was environmental or clinical, although the patterns of these 2 serovars differed from each other. Fig. 1   FIG. 1 shows a typical pattern of the Not I-digested DNA of V cholerae environmental isolates in Dhaka. Although some isolates showing exceptional pattern such as in lane 4 were observed, almost all isolates showed a similar pattern in the serovar. The difference between Inaba and Ogawa was very small. The PFGE of Sfi I-digested DNAs of these isolates also showed a similar result (data not shown).
The PFGE pattern of Not I-digested DNA was analyzed by the Ward method (Kamishima, 2003) and the dissimilarity scores were drawn as a dendrogram. As shown in Fig. 2 and 3 , all O139 isolates belonged to cluster A, Especially isolates in this study were concentrated within 1% of dissimilarity score, subclusters A-1 and A-2, with one exception in A-3 (3% of dissimilarity score) which is adjacent to sub-cluster of isolates in 1992, A-4 and A-5.
On the other hand 01 isolates were distributed in clusters B, C, D. Although almost 01 Inaba (11 of 12) and Ogawa (34 of 36) isolates were concentrated in B-1 and B-2 sub-clusters, respectively, some isolates belonged to cluster C which included isolates from Kenya. Two isolates from Kenya constituted an independent cluster D which differed greatly from other clusters A to C. Remarkable clustering of PFGE patterns was not observed in non-01/non-0139 isolates, although two 0133 clinical isolates (strain 3 and 6) which were isolated from patients in same hospital showed the similar pattern of 1% dissimilarity score (Fig. 4) . In addition to 0133 isolates, other pairs of the same serovars (O2, strains 7 and 8; 06, strains 9 and 10; O 14, strains 11 and 12) were tested, but similarity in their PFGE patterns was not observed.
Antibiogram and Arbitrarily primed PCR (AP-PCR)
The antibiogram of the 01 and 0139 isolates did not show remarkable patterns except that the frequency of resistance to ampicillin and nalidixic acid was high in Kolkata but low in Dhaka isolates (data not shown). No difference was observed between isolates from environmental and clinical origins. Many isolates were resistant to streptomycin, frazolidone and co-trimoxazole.
No remarkable difference in the AP-PCR pattern was observed between the 01 and 0139 isolates, although patterns in non-01/non-0139 varied (data not shown).
DISCUSSION
The Bengal region is located in the Ganges delta in the eastern part of the Indian subcontinent. Cholera is thought to have existed endemically here since the pre-historic era and is still threatening the lives of many people (Kaper et al.,1995) . Cholera is a waterborne disease, and the system of controlling water sanitation in this region is still inadequate. Various bacterial pathogens have continued their genetic evolution and acquired an infectious ability, overcoming the defense potential of their host. This also holds true for V cholerae. The possibility of a horizontal transfer of pathogenic genetic elements from O 1/O139 strains to non-O1/non-O139 strains has been suggested (Ghosh et al., 1997) . Therefore, the molecular epidemiological surveys of V. cholerae in this region, especially in the water environment, would be useful to assure public health.
Isolates of 01 and 0139 were obtained from environmental water samples of Dhaka, whereas there was no isolation of the cholera vibrio from water samples of Kolkata in this survey. Although universal distribution of 01 and 0139 in water environments of Dhaka is suggested, the effect of the methodological factors cannot be ignored. TTGA plating which is specific for V. cholerae but requires a lot of skill to use was mainly used in the Dhaka study, whereas conventional TCBS agar plates were mainly used in Kolkata. Application of the TTGA plate or more extensive investigations may be necessary in the Kolkata study. In addition to the environmental isolates in Dhaka, clinical isolates of O1 and O139 were subjected to molecular epidemiological analysis. These O 1 and O139 isolates were quite homogeneous regardless of whether their origins were environmental or clinical or from Dhaka or Kolkata. All 01 and 0139 isolates in this survey were positive for ctxA, tcpA and toxR in the PCR analysis, although the presence of the O1 or O139 strain without these toxic genes in aquatic environments has also been known (Chakraborty et al., 1997) . AP-PCR analysis with a non-specific primer as reported by Sinha et al. (2001) showed similar electrophoresis patterns in each serovar. Furthermore, PFGE patterns were also similar in each serovar with a few differences in the bands. Tenover et al. (1995) proposed criteria for bacterial strain typing using the PFGE pattern, from "indisti nguishable" to "different". According to these criteria, all 01 and 0139 isolates in this survey were thought to be "closely related" or "possibly related". The dendrogram illustrated by dissimilarity scores in the PFGE pattern showed that 89% of O139 (16 of 18 isolates), 92% of 01 Inaba (11 of 12) and 94% of O 1 Ogawa (34 of 36) belonged to sub-clusters A-1, B-1 and B-2, respectively. These sub-clusters include both clinical and environmental isolates: A-1, 14 clinical and 2 environmental isolates; B-1, 5 and 6; B-2, 24 and 4. However, the patterns were heterogeneous among isolates from different places and periods; O1 isolates in the Bengal region and Kenya and O139 isolates in 1992 and this study showed different PFGE patterns, respectively.
The dendrogram showed large dissimilarity scores (3%) between subclusters of isolates in 1992 (A-4 and A-5) and this study (A-1 and A-2), with 1 exception of A-3 which includes an isolate in this study but near to 1992 subcluster (Fig. 3) . Year 1992 saw the first appearance of 0139. Faruque et al. (1998) suggested that this serovar had also genetically evolved since it initially appeared. These results indicate that there is a clonal relationship between clinical and environmental strains and that the aquatic environments serve as reservoirs of toxigenic V. cholerae.
Kenyan isolates were distributed among various sub-clusters which were different from Bengali isolates with 4 to 5% dissimilarity scores, although some exceptional Bengali isolates (sub-clusters C-1 and C-2) closely related to Kenyan isolates existed.
In contrast to this genetic homogeneity of O1 and O 139 isolates in the Bengal region, Kam et al. (2003) reported the heterogeneity of the cholera vibrio in Hong Kong where the cholera cases are mainly sporadic and imported. Arakawa et al. (2000) also reported heterogeneity of V cholerae isolates from imported and domestic cases in Japan. On the contrary, cholera is endemic and indigenous in the Bengal region. It is theorized that the cholera epidemics repeatedly occur based on the cycle of the cessation of an epidemic due to the establishment of public immunity and the reappearance of a new cholera vibrio strain that has acquired epidemic potential through genetic evolution.
Only a few 01 and 0139 isolates were found in environmental water, whereas many non-01/non-0139 isolates were obtained. Although the existence of non-O1/non-O139 strains having ctxA or tcpA has been reported (Chakraborty et al., 20.00; Dalsgaard 2001; Rivera et al., 2001; Sarker et al., 2002) , all isolates in this survey were negative in these genes; they did have toxR, however. The non-01/non-O139 strains tested included clinical isolates, some of which caused severe diarrhea similar to typical cholera caused by 01 or 0139. The existence of genes encoding the potent enterotoxic factors such as NAG-ST or TDH was not observed except in one environmental isolate having tdh, whereas all isolates except one isolate possessed hlyA encoding El Tor hemolysin which also has diarrhogenic activity. The possibility that the hemolysin is a major toxic factor in these clinical isolates is under investigation.
Although we found no evidence of dynamism of the movement of pathogenic genetic elements in V. cholera, the aquatic environments are reservoirs of the cholera vibrio and have potential ability to stimulate genetic evolution. Further continuous surveys of the vibrio in aquatic environments of the Bengal region where cholera epidemics break out periodically are believed necessary.
